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In an experiment with 65 high-school students, we tested the hypothesis that
personalizing learning materials would increase students’ learning performance and
motivation to study the learning materials. Students studied either a 915-word
standard text on the anatomy and functionality of the human eye or a personalized
version of the same text in which 60 definite articles (e.g., “the eye”) were replaced
with 60 second-person possessive pronouns (e.g., “your eye”). Afterwards, participants
answered comprehension and transfer questions. One week later, the participants
were asked to restudy the text and to answer the same questions again with the aim to
improve their performance. In the personalized text condition, students showed
higher transfer performance, spent more time on restudying the text, and reported
being more motivated than students in the standard text condition. However, only
duration of restudying (not self-reported motivation) mediated the effect of
personalization on transfer performance.
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Introduction
Personalizing learning materials by directly relating the content to or addressing the
learner has been used as a strategy to enhance learning performance. Two strategies of
personalization can be distinguished in the literature. Instructional texts may be
personalized by embedding the learning content in a context that is of particular
importance to the learner or that reflects the learner’s interest or experience (e.g.,
Cordova and Lepper 1996). In other studies, instructional texts were personalized
using purely linguistic personalization strategies, for example, by addressing the
learner grammatically in the second person (e.g., Ginns and Fraser 2010). Numerous
studies demonstrated that personalizing expository text (Ginns and Fraser 2010),
narrated animations (Moreno and Mayer 2000; Mayer et al. 2004), illustrated text
(Kartal 2010; Stiller and Jedlicka 2010), computer-based learning games (Cordova
and Lepper 1996), learning tests (Davis-Dorsey et al. 1991), or utterances of
pedagogical agents in computer-based learning programs (Moreno and Mayer 2004;
Moreno et al. 2001) increased learning performance compared to nonpersonalized
materials or instructions (for a meta-analysis, see Ginns et al. 2013).
How can the personalization effect be explained? Researchers have proposed that
personalized materials increase the reader’s motivation for processing the learning
materials, which in turn may increase task involvement and thereby learning success
(e.g., Anand and Ross 1987; Cordova and Lepper 1996; Davis-Dorsey et al. 1991;
Herndon 1987; Mayer 2005; Moreno et al. 2001; Ross and Anand 1987; Ross et al.
1986). This hypothesis received support from studies in which learning materials were
personalized with regard to the learners’ interest, experiences, or competences (e.g.,
Cordova and Lepper 1996; Davis-Dorsey et al. 1991). However, evidence from studies
using only linguistic personalization strategies is less informative (e.g., Ginns and
Fraser 2010; Mayer et al. 2004; Moreno and Mayer 2000). These studies particularly
investigated whether motivational variables and learning performance varied as a
function of personalization, but motivational variables have not been explicitly tested
as to whether or not they mediate the personalization effect on learning performance.
The present study was designed to advance this literature by investigating the
mediation hypothesis using a linguistically personalized science text.
Review of previous research
In their influential study on personalizing learning materials, Cordova and Lepper
(1996) asked learners to answer a questionnaire referring to the learner’s “favorite
food, school subjects, hobbies, television shows, books and magazines” (p. 718). This
information was used to individualize a computer-based learning game on arithmetic.
For example, problems requiring addition, subtraction, multiplication, and division
were embedded in fantasy contexts obtained from the answers that each learner
provided on the personalization questionnaire—individually for each child. Other
participants learned with a generic, nonpersonalized version of the game including the
same tasks. Personalization increased not only math performance but also the
students’ motivation to use the game. Students learning with the personalized game
liked the game more than students learning with the generic version. Personalization
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also affected behavioral indicators of task involvement assessed from the online
recordings. Students in the personalized condition were more willing to stay after class
to continue using the game, preferred more challenging versions of the game, used
more complex arithmetic operations, and generated more strategic moves to
outperform their opponents.
The Cordova and Lepper (1996) results are consistent with previous studies claiming
that personalized learning problems are more motivating (e.g., Anand and Ross 1987;
Herndon 1987; Ross and Anand 1987; Ross et al. 1986) and thus can be assumed to
enhance involvement in the learning process compared to nonpersonalized problems
(Davis-Dorsey et al. 1991). Cordova and Lepper (1996) assumed that entities (i.e.,
themes, objects, characters, activities) related to a learner are of higher interest than
entities related to others. Increased interest has been shown to increase learning
success (e.g., Hidi 1990; Hidi and Baird 1988; Renninger et al. 1992), possibly because
interest increases the amount of cognitive resources students are willing to invest in
solving a learning problem.
Moreno et al. (2001) and Mayer (2005) also proposed that personalization enhances
motivation although their argumentation was slightly different. They suggested that
the motivation to invest cognitive resources in learning and comprehension would be a
function of the social interpretation of the learning situation. The more learners
perceive themselves as agents in a social interaction (e.g., with a learning partner or a
teacher), the more they will be motivated to “make sense of what the speaker is saying”
(Mayer 2005, p. 202), that is, to understand the contents of the communication (cf.
Ginns et al. 2013, pp. 446–449). This increase in motivation does not necessarily
require a “real” face-to-face interaction. Mayer’s (2005) central assumption is that this
kind of motivation can also be triggered by social cues used in indirect, media-based,
or symbolic social interactions. For example, when interacting with a computer-based
learning program or a software-based pedagogical agent or in reading a textbook, the
reader becomes aware that the author had written the text with the intention to
transmit information to the reader (see also Reeves and Nass 1996). Thus, the
personalization of learning materials or instruction can be conceived of as generating
social cues (e.g., addressing the reader as an individual) similar to the cues found in
real social interactions. Therefore, these cues are expected to increase the motivation
to better understand the instruction or learning materials being communicated (Mayer
2005).
Personalizing learning materials in educational practice or research is extremely
laborious and requires, as demonstrated by the Cordova and Lepper (1996) example,
assessing the learners’ characteristics, interests, competencies, or individual
preferences. Therefore, researchers have sought more parsimonious and focused ways
of personalizing instruction. A feasible strategy is to manipulate only the linguistic
features of written or spoken text. A most important linguistic feature is whether or
not the learner is addressed individually, for example, by using second-person
constructions (e.g., “If your result is correct, …”) as opposed to a more formal,
nonpersonalized style (“If the result is correct, …”). Numerous studies employing this
strategy (for a review, see Ginns et al. 2013) have demonstrated that even a purely
linguistic personalization can increase learning success (e.g., Ginns and Fraser 2010;
Kartal 2010; Mayer et al. 2004; Moreno and Mayer 2000, 2004; Moreno et al. 2001;
Stiller and Jedlicka 2010). This effect was found in samples of 10th grade, college, and
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university students ranging in mean age from 16 to 23 years. Learning materials
referred to physical (stellar death) and biological topics (plants, human respiratory
system, anatomy and function of the human heart and eye). The results do not indicate
effects of age or learning subject on the personalization effect.
The evidence, however, from studies investigating linguistic personalization has failed
to explain particular aspects of the personalization effect. For example, the extent that
the effect is moderated or mediated by motivation or interest remains unclear. Three
groups of results can be distinguished in which learner motivation or interest has been
assessed as correlates. The first group of studies has found positive effects of linguistic
personalization on the evaluation of the learning materials potentially relevant to
motivation. Moreno et al. (2001), for example, introduced a pedagogical agent in a
computer-based multimedia lesson that communicated with the learner in a
conversational style and addressed the learner in the second person. The same
information was presented by text and graphics in a nonpersonalized style in a control
condition (Moreno et al. 2001, experiments 1 and 2). Students presented with the
pedagogical agent reported more interest in the learning subject and in interacting
with the learning system than students who learned with the nonpersonalized text-
picture-based system. In a different study, Moreno and Mayer (2004) used an agent-
based multimedia educational game. The agent spoke to the learner in a personalized
informal style (using “I” and “you”) or presented a nonpersonalized (third person)
monologue. Consistent with Moreno et al. (2001) findings, the participants rated the
personalized version of the system as more friendly, more helpful, and less difficult.
However, no measures were used that directly addressed motivation or interest.
A second group of studies found personalization effects on motivation but only in
interaction with other variables. Kartal (2010) investigated linguistically personalized
versus nonpersonalized text and crossed this factor with formal versus informal
linguistic elements available in Turkish (also in German or French) but not in English.
For example, in English, unacquainted as well as intimately known communication
partners are addressed with the personal pronoun “you,” whereas in other languages
such as Turkish, French, or German, different pronouns are used depending on
whether the speaker wishes to address the listener in a formal or informal way. Kartal
(2010) found that learning performance was higher reading the personalized/informal
text than reading the nonpersonalized/formal text. The participants, however,
described themselves as more motivated in the personalized/informal condition than
in the personalized/formal and nonpersonalized/formal conditions. Thus, learning
performance and self-reported motivation seemed to be affected by different
interactions between text personalization and text formality. Stiller and Jedlicka
(2010) found that learners with lower prior knowledge were more supported by the
personalized text than learners with higher prior knowledge. Consistent with this
pattern, low-prior-knowledge participants reported a higher task involvement than
participants with higher prior knowledge when the materials were linguistically
personalized. A different pattern of results was found by Brom et al. (2014). They
presented participants with a computer-based simulation of a brewery with
linguistically personalized vs. non-personalized explanations. Although participants
showed higher task involvement learning with the personalized version, no differences
in learning outcomes were found.
A third group of studies failed to find any effects of linguistically personalized
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materials on motivational variables. Moreno and Mayer (2000) presented students
with a multimedia-based learning program and contrasted personalized versus
nonpersonalized on-screen text messages (experiment 3) and personalized versus
nonpersonalized text spoken by a pedagogical agent (experiments 4 and 5). Although
personalization had an effect on learning performance, it had no effects on the
participants’ ratings of motivation and interest and the system’s difficulty,
friendliness, and helpfulness as perceived by the participants. Moreno and Mayer
(2000) concluded that the positive effects of personalization on learning were not
mediated by interest or motivation (p. 731). Mayer et al. (2004) presented students
with a personalized (conversational) versus nonpersonalized (formal) narrated
animation that explained the human respiratory system. Personalization increased
learning success but did not influence ratings of interest. The same pattern was found
by Ginns and Fraser (2010) using linguistically personalized versus nonpersonalized
paper-based texts about anatomy. Personalization had no influence on the
participants’ ratings of interest, enjoyment, or experienced effort, although students
learning with the personalized materials performed better on a retention test than
students in the nonpersonalized condition. Consistent with these findings, the meta-
analysis by Ginns et al. (2013) revealed no reliable effects of linguistic personalization
on self-reported interest in the learning subject.
In sum, linguistically personalized learning materials were shown to enhance learning
and comprehension in diverse contexts, but the effects on potentially mediating
motivational variables were inconsistent. This inconsistency might be due to several
factors. For example, many studies investigated this question in laboratory situations
rather than in authentic learning situations in which learning success has a greater
motivational impact. Moreover, the cited studies used multi-faceted motivational
concepts. Studies focused on thematic interest as a facet of intrinsic motivation (e.g.,
Moreno et al. 2001), perceived supportiveness of the learning materials (e.g., Moreno
and Mayer 2004), indicators of motivated behavior such as enjoyment or effort (e.g.,
Ginns and Fraser 2010), or self-reported achievement motivation (e.g., Kartal 2010).
The diversity of motivation-related constructs might have complicated finding
consistent patterns. Only two studies used behavioral indicators of motivation (Brom
et al. 2014; Mayer et al. 2004), whereas all other studies relied on self-report measures
—often using single items or two-item scales (Kartal 2010; Moreno and Mayer 2000,
2004; Moreno et al. 2001). In only two studies, multiple-item measures were used and
reliabilities were reported (Ginns and Fraser 2010; Stiller and Jedlicka 2010). Thus,
the quality of the dependent measures might have hindered finding personalization
effects on motivation-related variables. Most important, however, none of these
studies explicitly tested the hypothesis that motivational variables mediated the
personalization effect on learning performance.
Goals and hypotheses
The present study was designed to elucidate the role motivation plays in the linguistic
personalization effect. Particularly, we aimed at testing the mediation hypothesis in an
authentic school setting. We assessed comprehension and transfer as indicators of
learning outcomes. Learning motivation was assessed by verbal reports and by
registering the time learners engaged in the learning task.
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During their biology lesson, high-school students studied a linguistically personalized
or nonpersonalized (standard) text on visual perception for a fixed duration and
answered comprehension and transfer questions. One week later, the participants
were again presented with the text and their previous answers to the comprehension
and transfer questions. Then, unexpectedly, they had the opportunity to restudy the
text and revise their answers for as long as they wished with the aim to improve their
previous performance and understanding. The participants verbally reported on their
motivation to improve previous learning performance. The individual duration of their
restudy activities was registered as an indicator of learning task involvement.
We expected students studying the personalized text to perform better on
comprehension and transfer items than students studying the standard text
(Hypothesis 1). Given the assumption that personalized text should increase students’
motivation of understanding the text thoroughly, we expected participants in the
personalized text condition to restudy the text longer (Hypothesis 2) and to describe
themselves as more motivated to complete the comprehension and transfer items than
the students learning from the standard text (Hypothesis 3). Furthermore, we
expected self-reported motivation (Hypothesis 4) and duration of restudying
(Hypothesis 5) to mediate the personalization effect on learning performance.
Method
Participants
Sixty-five students (Grade 11) participated in this study. The 36 female and 29 male
students attended biology courses at a German high school. Within their classes,
participants were randomly assigned to the personalized text condition (n = 31; 19
female; mean age = 16.0 years) or to the standard text condition (n = 34; 17 female;
mean age = 15.9 years). Data from six students who attended only the first or the
second session were excluded. The final sample comprised n = 29 students (18 female)
in the personalized text condition and n = 30 students (17 female) in the standard text
condition.
Materials
Students studied a scientific text describing the structure and functioning of the
human eye. The text was written by the authors and consisted of 915 words and one
picture showing the components of the human eye in a horizontal section. The
information presented in the text and the picture was taken from German biology
textbooks written for students in the 11th and 12th grades. In the standard version of
the text, the reader was not directly addressed, that is, first- and second-person
constructions were avoided (see the Appendix for a sample passage). In the
personalized version, 60 definite articles were replaced by second-person possessive
pronouns (e.g., “your eye” instead of “the eye”). These changes required some more
minor reformulations to assure continuity and coherence. For example, in the
nonpersonalized version, the heading read “The human eye,” whereas in the
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personalized version, it was “Your eye.” Apart from these minor differences and the
personalization manipulation, the two text versions were identical.
Students’ prior knowledge was assessed with 10 items about human perception.
Participants were required to provide a written explanation for terms presented in
each item (e.g., “visual illusion”). Prior to the experiment, a list of criteria for valid
explanations was created for each term. Based on these lists, two independent raters
blindly evaluated the responses on a three-point scale (0 = explanation is missing or
unacceptable, 1 point = explanation is partially acceptable, 2 points = complete and
correct explanation). The inter-rater reliability across all 10 prior knowledge items was
high (r = 0.98, p < 0.001). Incongruent judgments were clarified by discussing the
answer with a third rater. The maximum number of points that could be achieved was
20, and the percentage of points obtained was used as a prior knowledge score.
The students’ text comprehension was assessed by 13 one-sentence statements related
to the text’s contents. The participants’ task was to evaluate the correctness of each
statement. Seven of the statements were true and six were false (students had no
knowledge of the proportion of true and false statements). The statements tapped
students’ conceptual understanding of the contents. For example, the statement “The
pupil regulates the incidence of light” required that students remember the position of
the pupil in the human eye and understand its mechanics. All information necessary to
evaluate these statements appeared in the text, albeit differently formulated than in
the test items. Thus, these statements could not be evaluated solely on the basis of
remembering surface features of the text. Participants evaluated each statement on a
four-point scale (“I am sure the statement is true”; “I think the statement is true, but I
am not sure”; “I think the statement is false, but I am not sure”; “I am sure the
statement is false”; see, e.g., Dutke et al. 2010). A correct and confident answer was
scored 3 points; a correct and unconfident answer was scored 2 points. If the answer
was incorrect but the participant indicated being unsure, 1 point was scored, and an
incorrect answer given with confidence was scored 0. Thus, the maximum number of
points for the comprehension items was 39. The percentage of points obtained was
used as an indicator of text comprehension.
Transfer of knowledge was tested by six tasks requiring the application of knowledge
acquired from the text to solve new problems not mentioned in the text. For example,
participants were presented with a drawing that showed the light path in an
inadequately accommodated eye. The students were asked to describe the kind of
accommodation problem that was displayed and explain in depth why this problem
might have emerged and how it could be alleviated or corrected. Prior to the
experiment, a list of criteria for valid explanations was created for each item. Based on
these lists, two independent raters blindly evaluated the responses. For each criterion
met, 1 point was scored. The number of points that could be achieved varied from 5 to
8 points depending on the complexity of the task. The inter-rater reliability across all
five transfer items was high (r = 0.94, p < 0.001). Incongruent judgments were
clarified by discussing the answers with a third rater. The maximum number of points
that could be achieved across all transfer items was 41, and the percentage of points
obtained was used as a score indicating transfer performance.
Motivation to complete the comprehension and transfer tasks was rated with three
items (“I was motivated to answer the questions as correctly as possible”; “I was
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motivated to revise my answers in the second session”; “I am curious about my
learning result”; Cronbach’s alpha = 0.75) on a four-point rating scale (“I completely
agree”; “I agree”; “I disagree”; “I completely disagree”). The score for self-reported
motivation ranged between 1 and 4 with high values indicating high motivation.
Design
A two-group design (personalized vs. nonpersonalized text) with repeated measures
(first vs. second study phase) on text comprehension and transfer performance was
employed. Dependent variables were the scores for text comprehension, transfer
performance, self-reported motivation, and the time spent restudying the text and
revising the answers on the comprehension and transfer items. The scores for prior
knowledge served as a control variable.
Procedure
The study was conducted during the students’ regular biology courses at school. The
experimenters explained that (a) the goal of the study was to explore how students
learn with written science texts, (b) the topic will be human visual perception, (c) the
participants will be tested on their acquired knowledge, and (d) the participants will
receive individual feedback about their learning performance. The participants were
unaware of the second session and the opportunity to restudy the text and revise their
answers on the comprehension and transfer test. Participants worked on the prior
knowledge items for 12 min. After a short break, they were randomly given the
personalized or the standard text, which they studied for 15 min. Then they worked on
the comprehension and transfer items for 60 min. The students received no feedback
about their learning performance.
One week later, the students were visited again in their school and informed that they
could read the text again, check their answers, and try to improve their learning
scores. The materials were handed out to the students, and they were informed that
they could take as much time as they wished to clarify comprehension problems and to
revise their answers to improve their test performance compared to their performance
in the first session. The science text and the participants’ previous answers were
available throughout the entire restudy phase. Participants’ restudy time was
measured as the time until the participant indicated that they were unable to make
further amendments. Another week later, the participants received individual
feedback about their learning performance and were debriefed.
Results
Before testing the hypotheses, we checked whether the experimental groups differed
with regard to their prior knowledge. Students in the personalized text group (M = 
42.8, SD = 14.7) and the standard text group (M = 45.0, SD = 13.6) achieved similar
mean scores in the prior knowledge test, which did not differ significantly, t(57) = 0.61,
p = 0.547, d = −0.158 (95 % CI: LL = −0.679 to UL = 0.364).
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We analyzed the text comprehension scores in a split plot ANOVA with type of text
(personalized vs. standard text) as a between-participants factor and repeated
measures on comprehension performance (first vs. second study phase).
Comprehension performance increased from the first to the second study phase, F(1,
56) = 11.22, p = 0.001, d = 0.217 (95 % CI: LL = 0.087 to UL = 0.347, see Table 1 for
means and standard deviations), whereas personalization had no significant effect,
F(1, 56) < 1. The interaction term was also not significant, F(1, 56) < 1. Thus,
inconsistent with Hypothesis 1, comprehension performance did not vary as a function
of text personalization. Comprehension in the first and the second study phase were
highly correlated (r = 0.88, p < 0.001). Whereas the assumptions concerning
homogeneity of variances and sphericity were fulfilled, the errors tended to be non-
normally distributed. Therefore, we validated the result with non-parametric tests
which confirmed the previous results. Comprehension performance increased from
the first to the second test (p = 0.002) but did not vary with personalization (first
study phase: p = 0.913; second study phase: p = 0.973).
Table 1
Comprehension and transfer performance: means and standard deviations
Type of text
Standard Personalized
Study Restudy Study Restudy
Comprehension
M 87.1 88.4 87.0 89.0
SD 7.6 8.1 7.3 7.5
Transfer
M 38.0 42.4 53.7 57.8
SD 13.1 14.4 13.4 14.7
Comprehension and transfer scores are presented as the percentage of points
obtained.
Second, we analyzed the transfer scores in a split-plot ANOVA  with type of text
(personalized vs. standard text) as a between-participants factor and repeated
measures on transfer performance (first vs. second study phase). The assumptions
concerning homogeneity of variances, sphericity, and normality of errors were
fulfilled. Two main effects emerged (see Table 1 for means and standard deviations).
The transfer scores increased from the first to the second study phase, F(1, 57) = 26.21,
p < 0.001, d = 0.306 (95 % CI: LL = 0.186 to UL = 0.426). Moreover, consistent with
Hypothesis 1, a personalization effect was found. The transfer scores were higher when
students learned with the personalized text than when they learned with the standard
1
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text, F(1, 57) = 19.37, p < 0.001, d = 1.116 (95 % CI: LL = 0.608 to UL = 1.623). The
interaction term was not significant, F(1, 57) < 1. Transfer performance in the first and
the second study phase were highly correlated (r = 0.92, p < 0.001).
Students spent a longer time on restudying the personalized text than restudying the
standard text t(57) = 2.02, p = 0.024 (one-tailed test), d = 0.540 (95 % CI: LL = 0.004
to UL = 1.047, see Table 2 for means and standard deviations). This result is consistent
with Hypothesis 2 and indicates greater task involvement in the personalized
condition.
Table 2









Duration of the restudy phase was measured in minutes. The score for self-reported
motivation could vary between 1 and 4 with higher values indicating higher
motivation.
With regard to self-reported motivation, the students in the personalized text group
reported slightly higher values than the students in the standard text group, t(57) = 
1.74, p = 0.044 (one-tailed test), d = 0.470 (95 % CI: LL = −0.069 to UL = 0.974, see
Table 2 for means and standard deviations). This result tends to be consistent with
Hypothesis 3.
To test whether motivation mediated the effect of linguistic text personalization on
transfer performance in the restudy phase, we conducted two mediator analyses. The
first analysis included duration of restudying as a potential mediator; the second
analysis included self-reported motivation as a potential mediator. We followed the
standard procedure proposed by Baron and Kenny (1986) and computed three
separate single-predictor regression analyses. They showed that personalization
significantly predicted transfer performance and the duration of the restudy phase (see
Fig. 1). Moreover, duration of the restudy phase alone significantly predicted transfer
performance (Fig. 1). The fourth (stepwise) regression analysis with transfer
performance as the dependent variable included duration of the restudy phase as the
Learning from scientific texts: personalizing the text increases t... https://link.springer.com/article/10.1007/s10212-015-0281-6
10 von 23 02.12.19, 09:08
first predictor and then personalization was entered. The results show that the effect of
personalization on transfer performance was reduced but still significant.
Fig. 1
Duration of restudying as a mediator of the personalization effect on
transfer performance. Arrows designate the direction of prediction
(from the predictor to the dependent variable)
One shortcoming of the Baron and Kenny approach is that it fails to directly address
the mediation hypothesis—the indirect effect of personalization on transfer
performance through the mediator duration of restudy phase (Hayes 2009; Preacher
and Hayes 2004). This indirect effect is the product of the effect of personalization on
duration of restudy phase (path a) and the effect of duration of restudy phase on
transfer performance (path b) while controlling the effect of personalization resulting
in the product coefficients ab. We tested the significance of the indirect effect by using
the bootstrapping procedure. Bootstrapping is the preferred method for small samples
because it is independent from distributional assumptions regarding the indirect effect
ab, which tends to be asymmetric (Bollen and Stine 1990; Preacher and Hayes 2004).
Bootstrapping works by repeatedly drawing samples from the original sample and
computing the indirect effect ab, an estimated standard error, and confidence
intervals for the indirect effect. If zero is not included in the confidence interval, the
mediating effect is interpreted to be significant. According to recommendations of
Hayes (2009), our analysis was based on 5000 bootstrap samples. Consistent with
Hypothesis 4, our results show that the duration of the restudy phase mediated the
effect of personalization on transfer performance: bootstrapped estimate of the
indirect effect ab = 2.04, SE = 1.29 (95 % CI: LL = 0.012 to UL = 5.02).
An analog analysis was computed with self-reported motivation as a potential
mediator (see Fig. 2). First, we followed the Baron and Kenny procedure. The single-
predictor regression analyses demonstrated that personalization significantly
predicted transfer performance but not self-reported motivation. Self-reported
motivation, however, significantly predicted transfer performance. When
personalization was entered as the second predictor after self-reported motivation, the
β weight of personalization was still significant but lower than the β when
personalization was included as the only predictor (see Fig. 2). To test the significance
of the indirect effect, we used the bootstrapping approach (based on 5000 bootstrap
samples). Contrary to Hypothesis 5, self-reported motivation did not mediate the
effect of personalization on transfer performance: bootstrapped estimate of the
indirect effect ab = 2.96, SE = 1.91 (95 % CI: LL = − 0.397 to UL = 7.311). Thus, while
the duration of the restudy phase supported our mediation hypothesis, self-reported
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motivation was not found to significantly mediate the effect of personalization on
transfer.
Fig. 2
Self-reported motivation as a mediator of the personalization effect on
transfer performance. Arrows designate the direction of prediction
(from the predictor to the dependent variable)
Discussion
We investigated whether the personalization effect can be demonstrated in an
authentic school setting using conventional written text. Consistent with Hypothesis 1,
linguistically personalizing the science text had a positive effect on transferring
knowledge acquired from the text to new problems. This finding is particularly
important for two reasons. First, the effect of linguistic personalization was found
under authentic conditions during regular school lessons, which points to further
applications of the personalization effect in educational settings. Second, the effect
was demonstrated using a conventional paper-based text. This is remarkable given
that most other studies used computerized learning programs or multimedia learning
environments (Mayer et al. 2004; Moreno and Mayer 2000; Moreno et al. 2001;
Stiller and Jedlicka 2010). Previous studies using written text provided less conclusive
results. Ginns and Fraser (2010) measured retention performance as the main
dependent variable, whereas our study demonstrated a personalization effect on
transfer performance, which is consistent with most of the multimedia-based studies
(Ginns et al. 2013; Mayer et al. 2004; Moreno and Mayer 2000; Moreno et al. 2001;
Stiller and Jedlicka 2010). Other authors manipulated not only the linguistic form but
also vocabulary and syntax (e.g., Bretzing and Kulhavy 1981) or employed text genres
different from instructional text (e.g., Wagner et al. 1998). Thus, the present result
contributes to evidence that linguistic personalization can improve deep
understanding of paper-based instructional text. This result is also theoretically
relevant because personalization was found to be effective even with a more traditional
medium that is less interactive compared to multimedia systems that usually provide
diverse interactive and dynamic features such that personalized text features are more
salient to the learner. This result is practically relevant because paper-based written
text is still essential in many educational settings.
The result that the personalized text used in the present study did not foster
performance on the comprehension items is probably due to a ceiling effect. The mean
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scores on the comprehension items varied between 87 and 89 % correct with standard
deviations between 7.3 and 8.1 %. These data suggest that the comprehension items
were too easy to detect an effect of personalization. This assumption is consistent with
the result that the personalization manipulation affected performance on the transfer
items, which were more difficult with mean scores between 38 and 58 % correct.
Nevertheless, studies not limited by a ceiling effect also consistently found greater
effects on transfer performance than on retention or comprehension performance
(Mayer et al. 2004; Moreno and Mayer 2000; Moreno et al. 2001; Stiller and Jedlicka
2010). This pattern is also reflected in the meta-analysis by Ginns et al. (2013)
showing a lower average personalization effect on retention, d = 0.30, (95 % CI: LL = 
0.18 to UL = 0.41), than on transfer, d = 0.54, (95 % CI: LL = 0.25 to UL = 0.83).
As predicted by Hypotheses 2 and 3, the personalized text led to a longer restudy
phase and higher self-reported motivation than the standard text. This pattern of
results is compatible with the interpretation that the personalized text increased
students’ motivation to master the contents of the science text. Nevertheless, the data
only partially supported the hypothesis that increased motivation would mediate
increased transfer performance. The indirect path (indicating an increase in transfer
performance from personalization through motivation) was only significant for the
self-paced duration of restudying (Hypothesis 4) but not for self-reported motivation
(Hypothesis 5). This result strengthens the interpretation that increased learning
motivation enhances performance particularly when it affects task involvement.
Increased task involvement might be reflected in changing learning strategies,
increased effort and attention, or in the allocation of additional learning time, as in our
study. This view might also explain some of the inconsistent findings of previous
studies. Personalization might have affected task involvement without being reflected
in verbal reports (e.g., Ginns and Fraser 2010; Mayer et al. 2004; Moreno and Mayer
2000), for example, when the change in task involvement is unrelated to the contents
of the self-report items. Moreover, reported increased motivation does not necessarily
indicate that task involvement was intensified, for example, when the learning
situation limits the learner’s self-regulation.
Limitations and perspectives
This study corroborated the view that motivational variables may mediate the effect of
personalization on learning performance, but the role motivation plays in this context
is worth further exploration. Previous attempts to assess motivation in personalization
studies have been problematic, the methods of which varied substantially on the
learning contexts including their motivationally relevant aspects. Although in the
present study a reliable short scale was used, the range of motivational facets assessed
was limited. This might have limited the probability of detecting further mediation
effects. A more comprehensive approach to the role motivation plays in the effects of
personalized learning materials would be instructive. This approach should also
include the employment of more comprehensive measures of motivation so that more
motivationally relevant aspects of the learning situation can be assessed.
Future research should also consider nonmotivational explanations of the
personalization effect. A most promising candidate is the schema-based self-reference
effect. Several studies have shown that information that was subjected to self-
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reference judgments is easier to recall than information that was processed without
individual reference to the learner (e.g., Rogers et al. 1977; Symons and Johnson
1997). A prominent explanation is that self-referenced information activates
knowledge about oneself (self-schemata). Self-schemata are frequently accessed and
well-structured so that they are expected to support the organization and encoding of
new information. Thus, self-referenced information can more easily be recalled. As
increased accessibility might support the transfer of knowledge to new problems, the
self reference effect is a potential alternative explanation of our results that deserves
further investigation.
Furthermore, text comprehension competences need to be considered. Most studies
on the personalization effect did not include measures of text comprehension
competences although, in the long run, such competences might interact with self-
schemata and meta-knowledge which, in turn, is related to motivation. Therefore,
future research should also focus possible links between motivation, personalization
effect, and comprehension competences.
In summary, motivational and memory-based explanations of the personalization
effect present promising perspectives. Although explanations of the personalization
effect remain to be explored, the present study demonstrated that a purely linguistic
personalization of a science text is able to enhance learning performance in a
classroom setting—mediated by increased task involvement.
Footnotes
1. 1.
We conducted the same analysis with prior knowledge as a covariate. Whereas
the covariate was significant, F(1, 56) = 12.55, p = 0.001, its interactions with
the experimental factors were not. In this analysis, the personalization effect
slightly increased, F(1, 56) = 25.96, p < 0.001, d = 1.29, (95 % CI: LL = 0.785 to
UL = 1.795), compared to not controlling for prior knowledge (Δd = 0.174).
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Sample passage from the instructional text (translated from German):
Standard text Personalized text
[…] The eye’s adjustment to the distance
of a focused object is called
accommodation. Whereas in a camera, the
distance between the lens and the film is
adjusted, focusing in the human eye is
affected by changing the concavity of the
lens, that is, by changing its refraction
power. This is the function of the ciliary
muscle. […]
[…] Your eye’s adjustment to the distance
of a focused object is called
accommodation. Whereas in a camera,
the distance between the lens and the film
is adjusted, focusing in your eye is
affected by changing the concavity of the
lens, that is, by changing its refraction
power. This is the function of your ciliary
muscle. […]
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